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SUMMARY. To elucidate the molecular mechanism and in vivo regulation of heat shock response during development, the heat-inducible HSP70 cDNA and its transactivating factor HSF cDNA were isolated from zebrafish embryos.
The amino acid sequence of zebrafish HSP70 closely related to that of other vertebrate heat inducible HSP70 with 75-86% identities.
The DNA binding domain, the hydrophobic repeat HR-A/B and the carboxyl-terminal heptad repeat HR-C of the HSF are well conserved in the zebrafish HSF. The stress-inducible expression of the transgene was easily detected in situ either by whole mount staining with chromogenic substrate, i. e. X-gal, in the lacZ transgenic fish or by induced fluorescence in the GFP transgenic fish, allowing analysis of stress responses in fish while they were influenced in their aquatic environment. Particularly, the specific GFP expression by the transgene was observed in living cells and tissues in embryos. Such an inducible gene expression system is applicable to bioassay procedures measuring various response to aquatic stress stimuli, such as hyper-and hypoosmolarity, temperature, environmental contaminants, radiation, and UV. Furthermore, stress-inducible promoters are useful for fish transgenesis to enhance the transgene functions only under stress conditions. The transgenic zebrafish overexpressing HSP70 were created that stably express platyfish HSP70 cDNA driven by the rainbow trout heat shock cognate protein HSC70 promoter. This gene construct was linked to the GFP gene under the control of human CMV promoter. The plasmid DNA containing the HSC70-HSP70 cDNA connected to CMV-GFP was introduced by microinjection into zebrafish embryos. Since the transgenic embryos showed green fluorescence, the embryos stably expressing the transgene were easily selected. The transgenic embryos showed extensive apoptosis during early development. Apoptotic cells were found in whole embryos, especially in eyes, brain and spinal cord, by fluorescent TUNEL staining (Fig. 3) . The spatial and tissue specific expression of apoptosis was probably due to the expression pattern of the transgene under the control of heat shock cognate protein HSC70 promoter. These findings indicate that HSP70 induced extensive apoptosis in zebrafish embryos.
To characterize the molecular mechanism of apoptosis by overexpression of HSP70, we checked the expression of various developmental marker genes.
The message level of the BMP4 gene in the transgenic embryos was higher than that of wild-type.
Since BMP4 is well known to negatively regulate the head and somite formation,10,11) high HSP70 levels were thought to induce BMP4 signaling and repress head formation.
